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PREFACE

This book is a general reference on the theory and application of passive non-
destructive assay (NDA) techniques, or PANDA. It is part of a four-volume set on
nuclear material measurement and accountability sponsored by the US Nuclear ,Reg-
ulatory Commission (NRC). Although we discuss a few active NDA techniques, they
have been treated in detail in another book in the NRC series authored by T. Gozani.

The book’s intended audience ranges from NDA neophytes to experienced practi-
tioners. While the major motivation to write this book was, provided by the NRC,
there has long been a desire at Los Alrunos to prepare a text of this kind. Many of the
techniques and instruments described herein were developed at I+ Alamos, and we
welcome the opportunity to describe the techniques ,more completely than is possible
in reports or papers.

We hope that you will find this text a useful and lasting reference to the interesting
subject of passive NDA.

Doug Reilly, Norbert Ensslin, and Hastings Smith, Jr.
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Introduction

The term nondestructive assay (NDA) is applied to a series of measurement tech-
niques for nuclear fuel materials. The techniques measure radiation induced or emitted
spontaneously from the nuclear material; the me~urements are nondestructive in that
they do not alter the physical or chemical state of the nuclear material. In some
cases, the emitted radiation is unique to the isotope(~) of interest and the radiation
intensity can often be related to the mass of the isotopes. Gther techniques to mea-
sure nuclear material involve sampling the material and analyzing the sample with
destructive chemical procedures. NDA obviates the need for sampling, reduces oper-
ator exposure, and is much faster than chemical assay unfortunately NDA is usually
less accurate than chemical assay. The development of NDA reflects a trend toward
automation and workforce reduction that is occurring throughout our society. NDA
measurements are applied in all fuel-cycle facilities for material accounting, process
control, criticality control, and perimeter monitoring.

The original impetus for NDA development was the need for increased nuclear
material safeguards. As safeguards agencies throughout the world needed more nu-
clear material measurements,’ it became clear that rapid measurement methods were
required that would not alter the state of nuclear materird items. Development efforts
to address these needs were supported by the US Nuclear Regulatory Commission, the
Depamnent of Energy, and the International Atomic Energy Agency. Rapid nonde-
structive measurement techniques are required by the safeguards inspectors who must
veriij’ the inventories of nuclear material held throughout the world.

NDA techniques are characterized as passive or active depending on whether they
measure radiation from the spontaneous decay of the nuclear material or radiation
induced by an external source. This book emphasizes passive NDA techniques, al-
though certain active techniques like gamma-ray absorption densitometry and x-ray
fluorescence are discussed here because of their intimate relation to passive assay
techniques.

The principal NDA techniques are classified as gamma-ray assay, neutron assay,
and calorimetry. Gamma-ray assay techniques are treated in Chapters 1-10. Chapters
1-6 deal with basic subjects including the origin of gamma rays, gamma-ray interac-
tions, detectors, instrumentation, and general measurement principles. Chapters 7-10
cover applications to uranium enrichment, plutonium isotopic composition, absorption
densitometry, and x-ray fluorescence.
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Neutron assay techniques are the subject of Chapters 11-17. Chapters 11–13 cover
the ongin of neutrons, neutron interactions, arid neutron detectors. Chapters 14-17
cover the theory and applications of total and coincidence neutron counting.

Chapter 18 deals with the assay of irradated nuclear fuel, which uses both gamma-
ray and neutron assay techniques. Chapter 19 covers perimeter monitoring, which uses
gamma-ray and neutron detectors of high sensitivity to check that no unauthorized
nuclear material crosses a facility boundary. The subject of Chapter 20 is attribute and
semiquantitative measurements. The goal of these measurements is a rapid verification
of the contents of nuclear material containers to assist physic+ inventory verifications.
Waste and holdup measurements are also treated in this chapter. Chapters 21 and 22
cover calorimetry theory and application, and Chapter 23 is a brief application guide
to illustrate which tecliniques can be used to solve certain measurement problems.
Appendices A-C contain information on statistical treatment of assay data, radiation
safety, and on criticality safety.’
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